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Tumyuwun b.C. InTENnexTyanizoBaHa nporpaMia CHcTeMa U1 IPOaKTUBHOTO
YIpaBIiHHS eKocucTeMoro MicTa. — KBanidikauilina Haykosa mpaus Ha mpaax
PYKOTIHCY.

Huceprauis Ha 3000yTTS cTyneHs nokTopa dhizocodii 3a cneuianpaicTio 121
— ImxeHepis nporpaMHoro 3abesnevdeHHs — 3aXigHOYKPaiHCBKHIH Hal[iOHATBHHIH
yHiBepcureT, TepHomiib, 2026.

IlinroToBka  3xificHioBamach Ha  kadeapi  KOMI'IOTEPHHX  Hayk
3axiHOyKpaiHCBKOro HalliOHANBHOIO YHiBepcuTeTy MiHicTEpCTBa OCBITH | HayKH
VYkpainu.

Y mucepramifiHiii po6OTI pPO3IISAHYTO HAyKOBO-NIPHMKIAJHE 3aBAaHHS
MiJABHILEHHA €(PEeKTUBHOCTI YIPAaBIiHHS €KOCHCTEMOK ypOaHi30BaHHX TEPUTOPIit
[UIAXOM PpO3pOOKH CEMaHTHYHHX MoJesed, MeTOHIB Ta IHTeNeKTyali30BaHOl
NPOTpaMHOI CUCTEMM Ajisi MIPOAKTUBHOTO CLIEHAPHOTO aHalli3y Ta ONTHMi3allil
PO3MILIEHHS JKepesl TEXHOTE€HHOIO HABAHTAXEHHS.

Y nepmoMy po3fiisii BAKOHAHO TEOpeTHYHE y3arajbHEHHS Ta OOTPyHTYBAHHS
MiIXOMIB 0 PO3POOIEHHS iHTENeKTYali30BaHOI POTPAMHOT CHCTEMHU IIPOAKTUBHOTO
YTPaBIIiHHS €KOCHCTEMOIO MiCTa 32 YMOB HEBHM3HAYEHOCTI B JaHWX. BcTaHOBIEHO,
10 TpaJuLifiHe peakTUBHE YNpaBiiHHs («post-factum») € HeeeKkTHBHUM B yMOBaX
HENIHIMHMX Ta HECTAliOHAPHMX IIPOLECIB Ta MLIUIBHOI 3a0yJ0BH, OCKiNIBKM
XapaKTEepU3y€ETHCST YaCOBOK 3aTPUMKOIO0 MK IHIMJIEHTOM Ta peakiier. JloBeaeHo
HEOOXiIHICTh Mepexoy [0 MPOAKTHBHOI MOJIEN, fKa 6a3yeThes Ha €KOJOriuHOMY
MOJENIOBaHHI AN aHANI3y CTaHIiB €KOCHCTEMH MicTa 3 METOK IIiJBHINEHHS
€KOJIOTIYHO1 Oe3IeKH HacelIeHHSI.

[TIpoBeneHo KkoMmmapaTUBHUE aHali3 KJaciB MaTeMaTHYHHMX MOJeei
MPOrHO3yBaHHS PpO3CIIOBaHHA JOMIMIOK B arMocdepi Bifi TOYKOBHX DKEpe.
BusnaueHo, 1m0 1 3a7a4y ONEPaTHBHOrO CLICHAPHOrO aHamily, sSKUM BHMarae
OararopazoBHUX pO3paxyHKiB y MPUMHATHOMY Yaci, (;HTHMaJIBHHMH e ["aycoBi mozeni,

30KkpeMa obuncmoBaisae 1a1po AERMOD. Bouu 3a6e3meuyroTh Halkpamuii 6ananc



MK TOYHICTIO Ta 0OYHCITIOBANIBHOIO CKJIAHICTIO, Ha BiaMiny Big CFD Ta EitnepoBrx
MojJenel, SKi € HaAMIPHO PEeCypCOEMHUMH JUIS ONTHUMI3alifHMX 3aj1ady.
IpoanainizoBaHo cTpykTypHy opranizauito Mmoaynss AERMOD Ta iforo ckiagoBux
(AERMET, AERMAP, BPIPPRIME). IlokazaHo, o #Oro MOIyJbHICTH Ta
(aiinoBuii iHTEepdelic TO3BONMIOTH IHTErpyBaTH HOro SIK OOYMCIIOBATIBHE SAPO B
aBTOMAaTH30BaH| CUCTEMH IIPUHHSATTS PillICHb.

3nidCHEHO KPHUTHYHMI OIS iCHYFOUMX mNporpaMHux 3aco6iB: AERMOD
View, BREEZE AERMOD, SCREEN View. BusiiieHo KpUTHYHUM TEXHONOTIYHHUI
PO3pHB — iCHYIOU1 [TaKeTH € MOHOJIITHIMH JeCKTOITHUMH JI0JATKaMH, OPI€HTOBAHHUMU
Ha CTaTUYHUM [IPOEKTHUH aHalli3 Ta py4yHe BBeleHHS AaHuX. Bonu He marots API s
iHTerpauii 3 30BHIIIHIME pecypcaMu Ta He IiATPUMYIOTh aBTOMATH30BAHHMH IIMKII
«BXIIHI JaHI — MOJeNIOBaHHA — pimeHHs». OOIPYHTOBAHO, 10 BUPIlIEHHS 3a1a4
IIPOAKTUBHOI'O YIIPaBIIiHHS MOXXJIMBE LUIIXOM PO3POOJICHHS iHTENEKTyalli30BaHOl
IIPOrPaMHOI cUCTeMH. BoHa Mae BUCTymaTH SK «OpPKECTPaTop, III0 aBTOMATH3YE
poboTy MaTeMaTH4YHOTO siApa, 3abe3neuye Ge3moBHUM OOMIH JaHMMH Ta peaisye
aITOPUTMHU CLIEHApHOTro aHami3dy, neperBoprorourn AERMOD Ha iHCTpyMeHT
CUCTEMH NPUHHATTA pillleHb. 3AIHCHEHO TOCTAHOBKY 3aBlaHb AHCEPTALIiMHOIO
JOOCII/KEHHS.

Y npyromy po3zini oOrpyHTOBAaHO Nepexia Bill HECTPYKTYypOBaHMX, daiino-
OpPIEHTOBaHUX POOOUYMX MPOLECIB 10 GOPMaTi30BaHOI KEPOBAHOI 3HAHHAMH MOJEI,
0 € HEOOXIJHOI MEepeAyMOBOIO Uil CTBOPEHHS IHTEJIEKTyalli30BaHOI CHCTEMH
IIPOAKTUBHOTO ynpaBiiHHs. [IpoBenenuii aHasi3 TOBIB, IO TPAaIULiHHI MiAX0IH 10
30epiranHs gaHux (daiinm, peasuiini B/I) € ceMaHTHYHO OiIHUMH, HETHYYKUMH Ta
He3JaTHUMH e(EKTHBHO MOMENIOBATH CKJIa[QHi, FeTepPOreHHi CYTHOCTI MiCBKOI
€KOCHCTEMH, 1110 YHEMOXJIUBIIIOE€ aBTOMATH3ALIII0 CLIEHAPHOTO aHai3y.

Po3pobieHo Ta o6rpyHTOBaHO TiOpUAHY apXiTeKTypy 300py Ta iHTerparii
nanux. JlaHa apxitektypa BukopuctoBye oHTosorito UESO sk ueHTpagbHUN
CEMaHTUYHUI Xab, 1110 iHKamNCyJI0e CKIaaHIiCTh reTeporeHHnx mxepen (AERMET,
BPIPPRM, kagacTp 00’€eKTiB TemioreHepallii) Ta BiJOKPEMIIIOE JIOTIKY 3HaHB Bif

306epiranHs apredakrtis (daiinose cxosuile) Ta reo-ganux (PostGIS).



CnpoekroBano gomerHy oHTojorito UESO. Po3spoGnena iepapxis kiacis
opmaiizye He nuile (i3UuHI 06'€KTH (IKepesa Ta PelenTopH), ajge W KIH0YOBi
YOPaBIiHCBKI Ta OOYHCITIOBANbHI CYTHOCTi, 3a0€3Meuyroud [P  LBOMY
iHTeponepabenpHICT uepe3 HACiQyBaHHS BiJi OHTOJOTIH BEPXHBOIO piBHS
(SWEET, GeoSPARQL).

®dopMalizoBaHO OCHOBH CIleHapHoro aHaiizy. Ha 6asi onromnorii UESO
HagaHo (QopmalizoBaHe BU3HAYEHHS [BOX THIIB [POAKTUBHOIO aHAJI3Yy:
OLIIHIOBAJBHOrO Ta ONTHMIi3auifiHOro cueHapiiB. OuiHloBaneHMI clLeHapil
GopmanizoBaHo K TOBHUH, CaMOJOCTATHIA KopTex, MmO 3abesmeuye
BIITBOPIOBAHICTh ~ €KCIIEPUMEHTIB  «UIO-AKIOY». OnTuMisaliiiuuii  cleHapii
(dopmaiizoBaHo sK 3agadyy KOMOIHATOpHOI ONTHMI3alii, a1 SKOoi HeoOXimHO
3aCTOCOBYBAaTH META€BPECTHYHI aJITOPUTMHU.

Y TperboMmy po3aini  po3pobiieHO MaTeMaTWYHy [OCTaHOBKY 3ajavi
KOMOIHAaTOpHOI onTHMi3anii po3MillleHHs [Kepen aHTPONOreHHOro 3a0pyIHEHHS,
30KpeMa 00’€KTiB TerioreHepauii BpaxoByrouu 3a0ymoBy micta. Ha BigmiHy Bix
KJIAaCUYHUX F€OMETPHUYHUX 3aJay pO3MIIIeHHs, 3allpOIIOHOBaHUN MiAXiJl BpaXoBY€
CYINEpPIO3HLII0 TMONIB KOHLEHTpalii B TOYKAX-pEIENTOPaX Ta BHKOPHCTOBYE
mozenb AERMOD pns obuucieHHs uinpboBoi GyHKUii. s rapanTyBaHHS
INOTPUMAaHHS €KOJIONYHUX CTaHAapTiB LiTbOBa (YHKIISA, IO BpaxOBYE iHAEKC
SKOCTI IOBITps, MoAUGiKOBaHA MeToqoM MITpadHUX (GYHKIIH, 110 J03BOJISE
MIHIMi3yBaTl MaKCHMallbHUH pu3uK mepeBuiieHHs ['JIK y Toukax-perenTtopax.
Ilepexin [0 HOUCKPETHOrO IPOCTOPY IIOLIYKY O3BOJKUB YHHUKHYTH IpobiieM
JIOKaJIbHUX MiHIMYMIB, XapakTepHHUX )i HenepepBHUX (DYHKLIH.

ANanTOBaHO  METaeBpUCTHYHI  aNrOpuTMH  (TeHETHYHUH  aJrOPHUTM,
JUCKPETHUH METOJ POIO YACTOK, JUCKPETHUH aJirOPUTM OJKOIMHOI KOJOHIT) s
BUpIiIIEHHS 3a/1a4 AUCKPETHOI onTuMi3zauii GpikcoBaHoi po3MipHocTi. Po3pobiiero Ta
peanizoBaHo y  ¢peiimBopky DEAP  Tpu  yHidikoBaHi  omeparopu:
Create_Random_Solution(), Random Swap() ta Targeted Swap(), 1o 103BOJHIO
yHI()iKyBaTH porpamMHy peajizalilo pi3HHX €BPHCTHK Ta rapaHTyBaTH BaJliHICThH

pilleHsb.



3ampoNOHOBAaHO METOJ iHTENIEKTYalli30BaHOTO BUGOPY CTpaTerii onTuMisaLii,
SIKUM OasyeThcs Ha aHalli3i CKIAagHOCTI 3ana4i. BBeleHHs MMOpOriB CKIAAHOCTI Ta
Maciitaby A03BOJIAE CUCTEM] aBTOMaTHYHO IIEPEMUKATHUCS MiXK TOBHUM MepebopoM
(ans TpuBianeHUX 3ama4), D-PSO (s 3aga4 taktuunoro pisag) ta D-ABC (mis
CTpaTeriyHUX 3ajay BHCOKOI po3mipHocTi). Lle 3abesmeuye GajaHc MiX 4acom
OTPMMAHHS pILICHHS Ta TapaHTIEI0 HOro ONTHMALHOCTI B YMOBAX BHCOKOI
00YKCITIOBANIBEHOI BAPTOCTI 3BepHEHb 10 Moay st AERMOD. TIposesero anpobaliito
METOAYy Ha MpHKJIalli PO3MILIEHHS TPbhOX KOTeHEepaliiHHX YCTaHOBOK Yy M.
Teprnomine. ExcriepuMeHT Moka3aB, IO LieHTpallbHA YacTHHA MIKpOpaioHy €
€KOJIOTIYHO IepEeBaHTAXEHOIO Yepe3 BUCOKUM (oHOBUI piBeHb 3a0pyaHeHHs. Ha
OCHOBI METOJly BM3HA4€HO ONTUMAJbHY CTPATETIIO AEUEeHTpati3amii KpUTHYHOI
1HQPACTPYKTYpH TeIUIOreHepallil, 3alpONOHYBaBIIN PO3MILLEHHS, L0 AO3BOJIIC
MIHIMi3yBaTH BIUIUB Ha XKUTIOBY 3a0y/I0BY Ta HaBYAIIbHi 3aKJIa/IH.

Y 4eTBEpTOMY pO3IiJl CHOPOEKTOBAHO THYYKY CepBiC-Opi€HTOBaHY
apXiTeKTypy IpOrpamMHOI CHUCTEMH, KIIOYOBHUM €JIEMEHTOM SKOI € po3pobka
CIIEI1ali30BaHUX CepBiciB-00TOPTOK. Lle M03BONHIIO YCIHIIIHO iHTErpyBaTH SAAPO
perynaropHoi mozeni AERMOD y cydacHe BeG-cepenoBuiie, 3abe3leuuBIIH
aBTOMATHU3AaLli}0 TTOBHOTO LIMKITY PO3paxyHKiB 0e3 HeoOXiJHOCTI pyYHOTO BTPYYaHHs
B KOHCOJIbHI Ipolecu. PosropranHs cuctemu B Kiactepi Kubernetes rapanrtye
OMHaMi4He MacHTa0yBaHHsS OOYHMCIIOBAIBHUX pECYpPCiB  IPU  3POCTAHHI
HaBaHTa)KEHHS.

Takox mporpaMHoO peanizoBaHO MiACUCTeMY 30epe)keHHs JaHUX Ha OCHOBI
ribpuaHoi moxeni. IloenHanHs cemaHnTHuHOro cxoBuina (anas oxtosnorii UESO),
pensuiiinol 6a3u maHux 3 posikpeHHsM PostGIS (mns reomerpii) Ta 06’€KTHOrO
¢aiinoBoro cxoBHIla 3a0e3MeUMSI0 peaitizallifo KOHIENII] «EAUHOrO HKepeia
ictuam». Takmit minxig 3abesneuye CHHXPOHI3ALiI0 JaHUX Ta JO3BOJISE
aBTOMaTU4HO BaJlilyBaTH ClLIEHapil MOJEIIOBaHHSA Ille [0 NOYaTKy pecypCOEMHUX
PO3paxyHKiB.

Po3spobneno iHTepakTHBHUI Beb-iHTepdeiic KopuCcTyBaya i3 3acTOCyBaHHSIM

UX-HaTepHiB, CIIpAMOBaHUX Ha 3HUXCHHA KOTHITMBHOT'O HaBaHTa)XEHHsS Ha



KopucTyBaya. PeanizoBaHi iHCTpyMeHTH Bisyasizauil (TemoBi kKapTu 3a6pyIHEHHS,
130/1iHi1, IHTEPAaKTUBHI Iapu 3a0yA0BH) NO3BOJISIOTH ONIEPATUBHO iHTEPIPETYBATH
pe3ybTaTh MOJEIIOBAHHS Ta IIpUMAaTH OOIPYHTOBaHI yIIPABIiHCHKI pillleHHs 6e3
HEeOoOXiTHOCTI riuboKoro aHalizy  TEKCTOBUX 3BITIB. Pe3synbsratu
HaBaHTaXXyBaJIbHOTO TECTyBaHHS 3aCBLAYMITN CYTT€EBE i ABUIICHHS
NPOXYKTUBHOCTI: 3aBJKM aBTOMATHU3allil MiATOTOBKH AaHHUX Ta pO3MapalelIeHHIO
004YHC/IeHb YaC OTPMMAHHS PO3PaxyHKOBOIO CLIEHApil0 CKOPOYEHO 3 roAuH (NpH
pyYHOMY pexuMi) 10 XBUIHH (y 24 pasu), 0 poOUTh CUCTEMY MPHUIATHOKO MJIS
OIEPATUBHOIO Ta THYYKOTO YIpaBJIiHHS.

Y BHCHOBKax c()OpMyJIbOBAHO OCHOBHI pe3yJIbTaTH JUCEPTALiifHOT poOOTH.

KurouoBi cnoBa: iHTenexryanizoBaHa IporpaMHa CHCTEMa, apXiTeKTypa
NporpaMHOro  3abe3nedeHHs, TMporpaMHe  3abe3leueHHs, MaTeMaTHYHe
MOJIEJIIOBaHHS, MaTeMaTU4YHa MOJeNb, HeJiHiAHI HeCTaIliOHapHI MpOIEeCH,
€KOJIOTIYHE MOJeJIOBaHHS, MPOTHO3YBaHHS, HeNiHiNWHI 3amadi, imeHTHdiKalis,
YHCJIOBI METOAM, TOYKOBE JDKepeso, OOYUCTIOBANLHUN MOMYJb, OHTOJOTIS,
onTHMi3aliiiHa 3agaya, METOAM OINTHMI3allil, iTbOBa (GYHKI(S, METAEBPUCTHYHI
aJIFOPUTMH, KpUTHYHa 1HPPACTPYKTypa, TEILUIOreHEpYIodi 00’€KTH, NMPOAKTHBHE
yTIPaBIIiHHA, EKOCHCTEMa MicTa, 3a0pyIHEHHS aTMOoc(epa, HEBU3HAUEHICTh JaHHX,

cucTeMa MiATPUMKH pillleHb.
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JDKepeJl TEXHOreHHOTO HaBaHTaXEeHHs (30KpeMa, KOTelleHb Ta KOTeHepaliMHHX
YCTaHOBOK) B yMOBax UIUIbHOI MichKoi 3a0ynoBu, ska NP-CKIaJHOI 3a1a4yero
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ANNOTATION

Tymchyshyn B.S. Intelligent software system for proactive urban ecosystem
management. — Scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 121 — Software
Engineering — West Ukrainian National University, Ternopil, 2026.

The research was carried out at the Department of Computer Sciences of the
West Ukrainian National University, Ministry of Education and Science of Ukraine.

The dissertation addresses the scientific and applied task of improving the
efficiency of managing the ecosystem of urbanized territories by developing semantic
models, methods, and an intellectualized software system for proactive scenario
analysis and optimization of the placement of sources of technogenic load.

The first chapter provides a theoretical generalization and substantiation of
approaches to developing an intellectualized software system for proactive urban
ecosystem management under conditions of data uncertainty. It is established that
traditional reactive management ("post-factum") is ineffective under conditions of
non-linear and non-stationary processes and dense building development, as it is
characterized by a time delay between the incident and the response. The necessity of
transitioning to a proactive model, which is based on ecological modeling for
analyzing the states of the city's ecosystem to enhance the environmental safety of the
population, is proven.

A comparative analysis of classes of mathematical models for forecasting the
dispersion of impurities in the atmosphere from point sources was conducted. It was
determined that for tasks of operational scenario analysis, which require multiple
calculations within an acceptable time frame, Gaussian models, particularly the
AERMOD computational core, are optimal. They provide the best balance between
accuracy and computational complexity, unlike CFD and Eulerian models, which are
excessively resource-intensive for optimization tasks. The structural organization of
the AERMOD module and its components (AERMET, AERMAP, BPIPPRIME) is

analyzed. It is shown that its modularity and file interface allow for its integration as



a computational core into automated decision support systems.

A critical review of existing software tools (AERMOD View, BREEZE
AERMOD, SCREEN View) was carried out. A critical technological gap was
identified: existing packages are monolithic desktop applications oriented towards
static project analysis and manual data entry. They lack APIs for integration with
external resources and do not support an automated "Input data — modeling — solution"
cycle. It is substantiated that solving proactive management tasks is possible by
developing an intellectualized software system. This system should act as an
"orchestrator" that automates the operation of the mathematical kernel, ensures
seamless data exchange, and implements scenario analysis algorithms, transforming
AERMOD into a decision support system tool. The objectives of the dissertation
research were formulated.

The second chapter substantiates the transition from unstructured, file-oriented
workflows to a formalized knowledge-driven model, which is a necessary prerequisite
for creating an intellectualized system of proactive management. The analysis proved
that traditional approaches to data storage (files, relational databases) are semantically
poor, inflexible, and incapable of effectively modeling the complex, heterogeneous
entities of the urban ecosystem, making the automation of scenario analysis
impossible.

A hybrid architecture for data collection and integration was developed and
substantiated. This architecture uses the UESO ontology as a central semantic hub
that encapsulates the complexity of heterogeneous sources (AERMET, BPIPPRM,
cadastral data of heat generation objects) and separates knowledge logic from artifact
storage (file storage) and high-performance geodata (PostGIS).

The UESO domain ontology was designed. The developed class hierarchy
formalizes not only physical objects (sources and receptors) but also key management
and computational entities, while ensuring interoperability through inheritance from
upper-level ontologies (SWEET, GeoSPARQL).

The foundations of scenario analysis were formalized. Based on the UESO

ontology, a formalized definition of two types of proactive analysis was provided:



evaluation and optimization scenarios. The evaluation scenario is formalized as a
complete, self-sufficient tuple ensuring the reproducibility of "what-if" experiments.
The optimization scenario is formalized as a combinatorial optimization problem,
which requires the application of metaheuristic algorithms.

The third chapter develops the mathematical formulation of the combinatorial
optimization problem for placing sources of anthropogenic pollution, specifically heat
generation objects, taking into account city buildings. Unlike classical geometric
placement problems, the proposed approach considers the superposition of
concentration fields at receptor points and uses the AERMOD model to calculate the
objective function. To guarantee compliance with environmental standards, the
objective function, which takes into account the air quality index, is modified by the
penalty function method, allowing for the minimization of the maximum risk of
exceeding the Maximum Permissible Concentration (MPC) at receptor points. The
transition to a discrete search space allowed avoiding the problems of local minima
characteristic of continuous functions.

Metaheuristic algorithms (Genetic Algorithm, Discrete Particle Swarm
Optimization, Discrete Artificial Bee Colony algorithm) were adapted for solving
discrete optimization problems of fixed dimensionality. Three unified operators were
developed and implemented in the DEAP framework: Create_Random_Solution(),
Random_Swap(), and Targeted Swap(). This allowed for unifying the software
implementation of various heuristics and guaranteeing the validity of solutions.

A method for the intellectualized selection of an optimization strategy based on
problem complexity analysis is proposed. The introduction of complexity and scale
thresholds allows the system to automatically switch between full enumeration (for
trivial tasks), D-PSO (for tactical level tasks), and D-ABC (for strategic tasks of high
dimensionality). This ensures a balance between the time to obtain a solution and the
guarantee of its optimality under conditions of the high computational cost of calls to
the AERMOD module. The method was tested on the example of placing three
cogeneration units in Ternopil. The experiment showed that the central part of the

microdistrict is environmentally overloaded due to a high background pollution level.



Based on the method, an optimal strategy for the decentralization of critical heat
generation infrastructure was determined, proposing a placement that minimizes the
impact on residential buildings and educational institutions.

The fourth chapter details the design of a flexible service-oriented architecture
(SOA) for the software system, a key element of which is the development of
specialized wrapper services. This allowed for the successful integration of the
regulatory AERMOD kernel into a modern web environment, ensuring the
automation of the full calculation cycle without the need for manual intervention in
console processes. Deploying the system in a Kubernetes cluster guarantees the
dynamic scaling of computational resources as the load increases.

A data storage subsystem based on a hybrid model was also software-
implemented. The combination of a semantic repository (for UESO ontology), a
relational database with PostGIS extension (for geometry), and object file storage
ensured the realization of the "Single Source of Truth" concept. This approach ensures
data synchronization and allows for the automatic validation of modeling scenarios
even before the start of resource-intensive calculations.

An interactive web user interface was developed using UX patterns aimed at
reducing the cognitive load on the user. Implemented visualization tools (pollution
heatmaps, isolines, interactive building layers) allow for the operational interpretation
of modeling results and the making of substantiated management decisions without
the need for deep analysis of text reports. Load testing results demonstrated a
significant increase in performance: thanks to the automation of data preparation and
parallelization of calculations, the time to obtain a calculation scenario was reduced
from hours (in manual mode) to minutes (by 24 times), making the system suitable
for operational and flexible management.

The conclusions formulate the main results of the dissertation work.

Keywords: intelligent software system, software architecture, software,
mathematical modeling, mathematical model, nonlinear non-stationary processes,

environmental modeling, forecasting, nonlinear problems, identification, numerical



methods, point source, computational module, ontology, optimization problem,
optimization methods, objective function, metaheuristic algorithms, critical
infrastructure, heat-generating objects, proactive management, urban ecosystem,

atmospheric pollution, data uncertainty, decision support system.
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